Objective: The aim of this study was to investigate the importance of nutritional de®ciencies and infections in the development of anaemia in pregnant Nepali women. Design: Case-control study. Setting: Patan Hospital, Kathmandu, Nepal. Subjects: A sub-sample (n 479) of all pregnant women (n 2856) coming for their ®rst antenatal visit in a 12 month period, 1994±1995. Women who had already received any micronutrient supplementation (n 82), and those whose serum samples showed macroscopic haemolysis (n 7) were excluded. The remaining women (n 390) were included in the statistical analysis. They were divided into three groups; a non-anaemic control group, haematocrit (Hct)b33% (n 82), and two case-groups: moderately anaemic, Hct 25±33% (n 254), and severely anaemic, Hct`25% (n 54). Results: We found high prevalences of nutritional de®ciencies and intestinal infections, both among cases and controls. The prevalence of low s-ferritin was high, especially among the severely anaemic women (55.6%). In a multiple logistic regression model, the presence of low s-vitamin A, elevated s-C-reactive protein or hookworm infection was associated with a signi®cantly increased risk of severe anaemia. The adjusted odds ratios (95% CI) were 8.38 (1.99, 35.30), 4.91 (1.22, 19.67) and 5.43 (1.20, 24.61), respectively. Conclusions: In addition to the present routine iron and folate supplementation to pregnant Nepali women, vitamin A supplementation needs to be considered. Prevention and treatment of infections should, together with dietary advice, be emphasized more strongly in the antenatal care. Sponsorship: The Norwegian Research Council and the Norwegian Universities Committee for Development, Research and Education.
Introduction
Nepal, with its population of 22 million, is one of the poorest countries in the world. Maternal death is the predominal cause of death amongst women in the 15±44 y age group, and anaemia in pregnancy is considered one of the major risk factors (His Majesty's Government Nepala World Health Organization, 1992; His Majesty's Government Nepal, 1996) . It may reduce tolerance to blood loss and lead to impaired immune function and cardiac failure, in addition to preterm delivery and low birth weight.
Pregnant women are vulnerable to de®ciencies in iron, folate, cobalamin and vitamin A, all of which can cause anaemia (Mayet, 1985; Suharno et al, 1992; Underwood & Arthur, 1996; Msolla & Kinabo, 1997; Christian et al, 1998a) . In addition, chronic infections may inhibit cell proliferation and erythropoiesis in the bone marrow. According to the recommendations in Nepal, pregnant women are currently routinely supplemented with iron and folate.
A study describing the occurrence of anaemia in 2280 pregnant women attending Patan Hospital, Kathmandu for their ®rst antenatal visit during a 12 month period in 1994± 1995, showed a prevalence of anaemia (haematocrit (Hct) 35% in the ®rst and third trimesters, Hct`34% in the second trimester) and severe anaemia (Hct`25%) of 62.2% and 3.6%, respectively (unpublished observations, G Bondevik, 1999) .
The present article focuses on aetiologic factors of anaemia in a sub-sample of the pregnant women that were included in the prevalence study in Patan Hospital. Our aim was to investigate the importance of nutritional de®ciencies and infections in the development of anaemia in pregnant Nepali women.
Subjects and methods

Data collection
Subjects were enrolled from attendants at the female outpatient department (FOPD) in Patan Hospital, Kathmandu. This city has a population of about 500,000, with another 500,000 people living in the districts in Kathmandu Valley. Data were collected using questionnaires, clinical examinations and laboratory investigations. In the period l August 1994±31 July 1995, all pregnant women (n 2856) attending the FOPD in Patan Hospital for their ®rst antenatal visit were interviewed by a Nepali midwife and examined clinically by health assistants. The women were included in a study focusing on the prevalence of anaemia.
We wanted to study the aetiology of anaemia in a subsample of the women that were interviewed, and aimed to include all severely anaemic women attending the hospital in the 12 month period. For this reason, the sub-sample was not randomly selected. We also wanted to include women with different degrees of moderate anaemia, in addition to a non-anaemic sub-group.
As they were included in the prevalence study, the women were grouped into ®ve different sub-groups according to their Hct value (%):`25, 25±27, 28±30, 3l±33 and >33. From 479 women included, serum and stool specimens were collected for further investigations. Women who had received iron or folate supplementation before their ®rst antenatal visit (n 82) were excluded from the study. Serum samples with macroscopic haemolysis (n 7) were also excluded. The remaining women (n 390) were included in the statistical analysis, and had the following distribution in the ®ve sub-groups above: 54, 78, 98, 78 and 82, respectively.
Laboratory methods
The following laboratory parameters were used as indicators of anaemia, nutritional de®ciencies and infections: Hct, s-iron, s-ferritin, total iron binding capacity (TIBC), transferrin saturation (TFsat), s-folate, s-cobalamin, s-vitamin A, s-C-reactive protein (s-CRP), and stool and urine microscopy.
Hct, urine and stool samples were analysed in Patan Hospital. The Hct values were estimated in a microcapillary reader, as this is the routine method for evaluation of anaemia in the hospital. White blood cells (WBC) in urine were counted per high-power ®eld at 400Âmag-ni®cation. Fresh stool samples were examined microscopically by wet mount using saline. Serum was separated by centrifugation and kept at 7 20 C in the laboratory freezer until the samples were sent to Haukeland University Hospital, Bergen, Norway for further analysis.
s-Iron and TIBC (calculated as unsaturated iron binding capacity (UIBC) + s-iron) were measured spectrophotometrically using a Technicon Chem-1 system. s-ferritin, s-folate and s-cobalamin were determined by magnetic separation assays (MSA) using a Technicon Immuno 1 system (Technicon Instruments, Bayer Corp., New York). S-Vitamin A was determined by high-performance liquid chromatography (Aksnes, 1994) , and s-CRP by an immunoturbidimetric assay (Orion Diagnostica, Espoo, Finland). TFsat was calculated using the formula: TFsat (sironaTIBC) Â100.
Missing values were due to the collection of insuf®cient quantities of serum. Some samples showed values above or below the analytical range of the folate and cobalamin assay. These samples were assigned the values of the upper or lower limit of the analytical range of the assay. Thus, the 51 laboratory analyses with s-folate`b45.3 nmolal' were given a value of 45.3 nmola1 in the statistical analysis. Likewise, the 15 laboratory analyses with s-cobalamiǹ`5 0 pmolal' were statistically treated as s-cobalamin 50 pmolal in the further analysis. Due to technical dif®culties, the s-vitamin A analysis of 48 serum samples was not satisfactory, and they were therefore excluded from the statistical analysis including s-vitamin A.
De®nitions Hct values will normally increase with increasing altitude in order to compensate for the decrease in oxygen partial pressure. To ensure a proper diagnosis of anaemia for those residing at higher altitudes, the Centers for Disease Control have made altitude-speci®c adjustments of Hct (Centers for Disease Control, 1989) . In accordance with these recommendations, the Hct cut-off values were raised by one percentage-point to adjust for the altitude of Kathmandu (1400 m). The following case-control set-up was made; control group, non-anaemic, Hctb33% (n 82); case group 1, moderately anaemic, Hct 25±33% (n 254); case group 2, severely anaemic, Hct`25% (n 54).
In the present study, we de®ned the following cut-off values as indicators of an impaired iron status: s-iron`11.0 mmolal, TIBCb72 mmolal, TFsat`16%, and s-ferritin`15 mgal. The corresponding cut-off values of vitamin status were s-folate 4.5 nmolal, s-cobalamin`150 pmolal, and s-vitamin A`0.70 mmolal. The cut-off value of s-CRP was ! 10 mgal, and >10 WBC per HPF in urine was used as indicator of urinary tract infection. The presence of parasitesaovas in stool when examined microscopically was regarded as pathological.
Characterstics of subjects
The mean maternal age was 22.7 y (range 16±38 y), while mean height and body mass index were 149.2cm (range 134±165 cm) and 2l.7 kgam2 (range 12.8±30.4 kgam2), respectively. Mean gestational age was 18.5 weeks; a third (n 130) of the women were in the ®rst, half (n 191) were in the second, and a sixth (n 69) were in the third trimester. The majority of women were nullipara (63%), 23% were para 1, 12% were para 2, and 2% were para 3 or more.
Data analysis
The EpiInfo-5 and SPSS program packages were used for data analysis. Computed descriptive statistics included proportions, means and 95% con®dence intervals for laboratory parameters, in subgroups of different Hct Anaemia in pregnancy GT Bondevik et al values. Multiple logistic regression analysis was used for the two binary dependent variables moderate and severe anaemia, adjusted for the potential confounders maternal age, ethnic group, parity and gestation. The adjusted odds ratio for a de®ned pathological value of an independent laboratory variable approximates the adjusted risk, relative to its normal (reference) value, of having anaemia. All tests were two-sided, and we used a signi®cance level of 5%. The study was approved by the Nepal Health Research Council and the National Ethical Committee in the Norwegian Research Council. Free and informed verbal consent of the subjects was obtained. Table 1 . In a univariate linear regression model, with laboratory variables treated as continuous variables, we found a signi®cant increase of TIBC with decreasing Hct. Neither s-iron, s-ferritin nor TFsat declined signi®cantly with decreasing Hct. S-folate increased and s-vitamin A decreased signi®cantly with falling Hct, while s-CRP showed a signi®cant inverse correlation with Hct.
Results
Maternal micronutrients and s-CRP status are described in
The interrelation between the laboratory variables and gestational age was studied. With increasing gestational age, we found a signi®cant decrease in s-ferritin among the White blood cells (WBC) in urine were counted per high-power ®eld at 400Âmagni®cation.
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GT Bondevik et al non-anaemic (correlation coef®cient (r) 7 0.39, P`0.001) and moderately anaemic (r 7 0.21, P 0.001) women. The increase of TIBC was signi®cantly associated with gestational age among the non-anaemic (r 0.5l, P`0.001), moderately anaemic (r 0.59, P`0.001) and severely anaemic (r 0.61, P`0.001) women. s-Cobalamin decreased signi®cantly during the course of pregnancy among the non-anaemic women (r 7 0.28, P`0.05) and those with moderate anaemia (r 7 0.24, P`0.001).
The risk of anaemia in women with pathological micronutrient status or infections is described in Table 2 . The overall prevalences of low s-iron, TFsat and s-ferritin were 16, 27 and 34%, respectively, while elevated TIBC was found in 62% of the women. In a logistic regression model, we analysed the odds ratio of having moderate or severe anaemia in women with pathological laboratory results. In univariate logistic analysis, we found that low s-iron, s-ferritin and TFsat were signi®cantly associated with risk of severe anaemia. After adjustment for maternal age, ethnic group, parity and gestation, the increased risk of severe anaemia became non-signi®cant. Pregnant women with s-ferritin`15 mgal had a signi®cant higher mean value of TIBC and a signi®cant lower mean value of TFsat compared with women with normal s-ferritin values.
Mean TIBC values (95% CI) were 94.3 (91.0, 97.7) vs 72.1 (69.9, 74.2) mmolal. Mean TFsat percentage values (95% CI) were 19.8 (17.5, 22.0) vs 28.6 (25.6, 31.7).
The overall prevalences of low s-folate, s-cobalamin, and s-vitamin A were 8, 46 and 20%, respectively, while the overall prevalence of elevated s-CRP was 14%. Multiple logistic regression analysis showed a lower risk of severe anaemia in women with a low s-folate. Low s-vitamin A was signi®cantly associated with increased risk of both moderate and severe anaemia. Elevated s-CRP was signi®-cantly associated with increased risk of severe anaemia. The associations between anaemia and low s-vitamin A or elevated s-CRP also remained signi®cant when the other laboratory variables in Table 2 were included in the model, We found a signi®cantly lower mean value of s-vitamin A among women with s-CRP ! 10 mgal compared with those with s-CRP`10 mgal. Mean s-vitamin A values (95% CI) were 0.77 (0.64, 0.89) and 1.09 (1.03, 1.14) mmolal, respectively. We found a signi®cantly higher mean value of s-ferritin among those with s-CRP ! 10 mgal compared with those with s-CRF`10 mgal. Mean s-ferritin values (95% CI) were 46.2 (33.8, 58.6) vs 29.4 (26.5, 32.3) mgal.
The overall prevalences of hookworm ova, Ascaris ova and Giardia lamblia in stool samples were 5, 15 and 7%, respectively, while the prevalence of urinary tract infections was 7%. Presence of hookworm ova in stool was signi®cantly associated with increased risk of severe anaemia, when adjusted for maternal age, ethnic group, parity and gestation. The association became, however, non-signi®cant when low values of s-ferritin, s-vitamin A or s-cobalamin were entered into the model. The corresponding adjusted odds ratios (95% CI) were 4.41 (0.95, 20.36), 5.47 (0.88, 34.14) and 4.44 (0.94, 21.02), respectively. Urinary tract infection was not signi®cantly associated with increased risk of anaemia.
Discussion
In the present study, we found high prevalences of nutritional de®ciencies and intestinal infections, both among cases and controls. The prevalence of low s-ferritin was high, especially among the severely anaemic women. In a multiple logistic regression model, the presence of low s-vitamin A, elevated s-CRP or hookworm infection was associated with a signi®cantly increased risk of severe anaemia.
As the study population was not randomly selected from the total group of pregnant women attending Patan Hospital, the presented prevalence ®gures of nutritional de®cien-cies and infections may not be representative. However, we do assume that the described risk factors for developing anaemia are comparable to the risk factors for pregnant Nepali women in general, and may thus be valid as baseline data.
We used the microhaematocrit method for evaluation of the severity of anaemia, since this is the routine method at Patan Hospital. This analysis can, however, give falsely high Hct values in cases of macrocytic and hypochromic anaemias, as both can result in poor cell packing and increased plasma trapping (England et al, 1972) . As a consequence, risk factors and prevalence numbers of these anaemias may have been underestimated.
Iron status
The Nepali diet is traditionally vegetarian, and is likely to have a poor bioavailability of iron (Monsen, 1988) . sFerritin is regarded a sensitive laboratory test for detection of iron de®ciency (Hercberg & Galan, 1992) . Iron de®-ciency, de®ned as s-ferritin`15 mgal, was common in our study population; approximately a quarter of the nonanaemic, a third of the moderately, and half of the severely anaemic women were iron de®cient. In univariate logistic analysis, low s-ferritin was signi®cantly associated with increased risk of severe anaemia; the odds ratio (95% CI) was 3.21 (1.56, 6.60). After adjustment for potential confounders, the adjusted odds ratio (95% CI) was 2.05 (0.87, 4.85). The reduction in odds ratio was mainly due to the effect of gestational age.
Ferritin is an acute phase protein, and values increase in individuals with in¯ammation. Thus, due to an acute phase reaction, there may be normal s-ferritin values despite a true iron de®ciency (Beard, 1994) . We found a signi®cantly higher mean value of s-ferritin among those with elevated s-CRP. The prevalence of iron de®ciency in women with infection may therefore be somewhat underestimated.
In accordance with ®ndings in other studies (De Leeuw et al, 1966; Jacobi et al, 1969) , TIBC increased signi®-cantly with gestational age, independent of the Hct value. As TIBC may be lowered in patients with chronic infections, one might also observe TIBC within normal limits in individuals with iron de®ciency.
The assessment of iron status in pregnant women is complicated, due to factors like diurnal variation of laboratory parameters, haemodilution, gestational age and infections. In the future, the use of s-transferrin receptor, an iron status parameter shown not to be in¯uenced by either in¯ammatory states or haemodilution (Carriaga et al, 1991) , may enable more reliable estimates of the prevalence of iron de®ciency among pregnant women living in developing countries.
As we found a high prevalence of iron de®ciency in our study population, and especially among the severely anaemic, the continuation of routine iron supplementation to pregnant Nepali women is justi®ed.
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Cobalamin status
In accordance with results from other studies (Black et al, 1994; Kalamegham & Krishnaswamy, 1977) , we found a high prevalence of low s-cobalamin. Approximately half of the subjects had s-cobalamin`150 pmolal. s-Cobalamin decreased with increasing gestation, probably due to an increase in both plasma volume and vitamin requirements, and changes in the hormonal status (Gadowsky et al, 1995) . Since cobalamin is exclusively found in animal products, the traditional Nepali diet might cause nutritional cobalamin de®ciency, as observed in other communities with a predominantly vegetarian lifestyle (Chanarin et al, 1985) . Cobalamin malabsorption may be another explanation for the apparently high prevalence of de®ciency in our material (Allen, 1994; Allen et al, 1995) .
However, we did not ®nd that low s-cobalamin was associated with an increased risk of anaemia. As cobalamin de®ciency causes macrocytic anaemia, falsely high Hct values when using the microhaematocrit method may be measured (England et al, 1972) . Thus, a fall in Hct may be delayed in relation to development of anaemia. Moreover, low s-cobalamin values may be physiological during pregnancy and need not indicate functional de®ciency (Kalamegham & Krishnaswamy, 1977) . For these reasons, interpretation of cobalamin status during pregnancy is very complicated.
Folate status
We found an apparently low prevalence of folate de®ciency in our study population. Approximately 11% of the nonanaemic, 7% of the moderately, and 6% of the severely anaemic women in our study had s-folate 4.5 nmolal.
The relationship between s-folate and severity of anaemia may seem incomprehensible. However, it has recently been shown that fasting may result in a considerable increase of s-folate concentrations (Cahill et al, 1998) . In our study, we did not explicitly interview the subjects about fasting. However, Nepali eating habits give reason to believe that a large proportion of subjects most likely had been fasting for a period of at least 12 h by the time of blood sampling.
As haemolysis may also be responsible for arti®cially increased s-folate concentrations, we analysed s-lactate dehydrogenase (s-LD), which is elevated in haemolysis. However, only 12 (3.4%) of the women with recorded s-folate results had elevated s-LD (b450 Ual). Their mean s-folate value was 13.6 nmolal compared with 19.4 nmolal in those with normal s-LD concentrations. Thus, it is unlikely that haemolysis has resulted in arti®cially increased s-folate concentrations.
It is uncertain whether s-folate is a good indicator of intracellular folate status. In a recent publication, homocysteine was used as an indicator of functional folate de®ciency (Brouwer et al, 1998) . This study suggests that the cut-off value of s-folate should be raised to 10 nmolal. Using this cut-off value, about 29% of the subjects in our study population would have to be considered functionally folate de®cient.
Assessment of folate status is dif®cult, especially during pregnancy. Based on the results of the present study, it is uncertain whether the prevalence of folate de®ciency really is low. The current practice of routine folate supplementation should therefore continue, especially as the importance of a suf®cient folate supply for normal pregnancy outcome has been recognized during recent years (Eskes, 1998) .
Vitamin A status
In our study, s-vitamin A decreased signi®cantly with decreasing Hct. Similarly, low s-vitamin A was associated with a signi®cant increased risk of anaemia. In populations where the prevalence of s-vitamin A`0.70 mmolal is more than 15%, vitamin A de®ciency is regarded as a public health problem (Arroyave et al, 1982) . In our study population, approximately 20% of the pregnant women had s-vitamin A values`0.70 mmolal.
Other studies have shown that concurrent infections may reduce s-vitamin A concentrations (Christian et al, 1998b) . This is in accordance with our study, where we found a signi®cantly lower mean value of s-vitamin A among women with elevated s-CRP values. Thus, pregnant women with a marginal vitamin A status and concurrent infections may be at higher risk for developing anaemia.
A study in Indonesia reported an association between suboptimal vitamin A status and nutritional de®ciency anaemia in pregnant women (Suharno et al, 1992 ). This ®nding was followed up by another study showing that small daily supplements of vitamin A had synergistic haematopoietic effects to iron supplementation (Suharno et al, 1993) .
On the basis of the results in our study, we recommend intervention studies investigating whether vitamin A supplementation to pregnant Nepali women is appropriate in the prevention and treatment of anaemia.
Infections
We found that s-CRP values increased signi®cantly with decreasing Hct. Elevated s-CRP was accompanied by a signi®cant increase in risk of severe anaemia, indicating a close association between in¯ammation and anaemia.
In our study population, the presence of hookworm ovas in stool was associated with a signi®cant increase in risk of severe anaemia. This association became, however, nonsigni®cant when low s-ferritin was added into the multiple logistic regression model. This may indicate that hookworm infection leads to iron de®ciency anaemia, probably due to a chronic intestinal blood loss (Stoltzfus et al, 1997) . The presence of Ascaris ova, Giardia lamblia, Entamoeba histolytica or Trichuris ova was not, contrary to ®ndings in other studies (Weigel et al, 1996; Santiso, 1997) , associated with increased risk of anaemia.
The ®ndings in our study do not justify a general recommendation to treat pregnant women in Kathmandu routinely with anthelminthics. However, higher prevalence ®gures of intestinal infections in Nepali women have been reported (Rai et al, 1995) . Mebendazole is a potential teratogenic and should not be given during the ®rst trimester. Bene®cial effects of anthelminthic therapy in connection with pregnancy-related anaemia have been described (Atukorala et al, 1994) . Emphasis should be given on preventative strategies like sanitation control programs and the use of footwear to protect feet from contact with contaminated soil.
Chronic infections (including tuberculosis) may impair the erythropoiesis, inhibiting the bone-marrow activity and thereby causing secondary anaemia. Focusing on infections during pregnancy might be an important strategy in connection with the prevention and treatment of anaemia.
Conclusions
In our study population, we found high prevalences of nutritional de®ciencies and intestinal infections, which is in Anaemia in pregnancy GT Bondevik et al accordance with ®ndings in other poor countries with low standards of living. The prevalence of iron de®ciency was high, and iron supplementation should continue to be given routinely to pregnant Nepali women. Low s-cobalamin was common in our material, however, it was not associated with increased risk of anaemia. It remains unclear whether these patients should be considered functionally de®cient, and would bene®t from cobalamin supplementation. The prevalence of reduced s-folate was relatively low, using traditional cut-off values. Nonetheless, until more information regarding folate status in this group of women is available, the current practice of routine folate supplementation should be continued. As the prevalence of low svitamin A was high, and associated with increased risk of anaemia, one needs to consider whether vitamin A supplementation should be given routinely to pregnant Nepali women. We also recommend a stronger focus on preventing, diagnosing and treating infections in pregnancy. Future research should include detailed dietary recalls to evaluate actual intake of micronutrients. In addition, more reliable functional laboratory tests should be used for assessment of nutritional de®ciencies. There also is a need for studies to investigate the prevalence and causes of anaemia among pregnant women in more remote areas of Nepal. As the high prevalences of nutritional de®ciencies and infections are closely related to poverty, one should continue to emphasize strategies for improving the standard of living in Nepal.
